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(54) Security device for vehicle 

(57) A security device for vehicle disclosed is of a 
type generating a seed that is used suitably in order to 
generate a key by being encoded and that is decreased 
in regularity. Nannely, the security device for vehicle 
according to the present invention has a construction 
that generates from vehicle control data the seed used 
for generating an authentication key on the vehicle side 
and a key on the user side by being encoded. By such 
construction, the seed is generated from the vehicle 



control data concerning the constituent elements of the 
vehicle that are kept in a state of operation. Since ttie 
vehicle control data itself is a type that momentarily 
changes In carespondence with the state of operation 
of ttie constituent elements of the vehicle, tiius gener- 
ated seed exhibits substantially no regularity to thereby 
become a very good kind of random number. 



CM 
< 

CM 
CO 

o 
a> 

o 

Q. 
LU 



no. 1 




12 



ENG CONT 
PROCESSING 
BLK 



^ECU 1 



com 

INPUT 



ACTUATORS 



18\ 



SEtURITY 



Primed by Xsrcn (UK) Bustmss Sorvioes 
2.16,7/3.6 



1 



EP0 903 271 A2 



2 



Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a security s 
device for a vehicle and. more particularly, to a security 
device for a vehicle that releases the security of a vehi- 
cle control unit such as a power train control unit loaded 
on the vehicle with respect only to an authorized user 
such as an owner of ttie vehicle by the use of the vehicle io 
control unit and ttie user side key unit. 
[0002] As a security device for a vehicle, there can be 
cited the one that is concerned witii a ttieft prevention 
device (inrvnobilizer) for a vehicle that has a construction 
of releasing the security of the vehicle control unit with is 
respect only to an authorized user such as an owner of 
the vehicle and permitting the use of the vehicle, the 
one that is concerned with a diagnosis device for a vehi- 
cle ttiat has a construction of releasing the security of 
the vehicle control unit with respect only to an author- 20 
ized user such as a manufacturer of the vehicle and per- 
mitting the read-in of vehicle control data of the vehicle 
that is secret data, and tiie one that is concerned with a 
reprogramming tool for a vehicle control microcomputer 
of tiie vehicle that releases the security of the vehicle 2s 
comrd unit with respect only to an authorized user such 
as a manufacturer of the vehicle and a supplier who has 
made a contract with such a manufacturer so as to per- 
mits the supplier to rewrite a vehicle control program of 
the vehicle. 30 
[0003] Japanese Patent Application Laid-Open No. 7- 
309208 discloses a technique of constructing a security 
device for a vehicle by the use of a vehicle control unit 
having an encoding algorithm arid a user side key unit 
having the same encoding algoritiim. 3s 
[0004] Specifically, such vehicle control unit generates 
a seed tiiat is a kind of random number, transmits the 
seed to the user side key unit, and encodes the seed by 
the use of a predetermined encoding algorithm to there- 
after generate an autiientication key. 40 
[0005] On the other hand, ttie user side key unit 
receives the seed transmitted from the vehicle control 
unit, encode the seed by the use of ttie same encoding 
algorithm as that used by the vehicle control unit to 
thereby generate a key. and transmit the ttius-generated 4s 
key to the vehicle control unit. 
[0006] Further, in the vehicle control unit comparison 
is made between an auttientication key generated 
thereby and the key transmitted from the user side key 
unit. When the both key coincide with each other, the so 
security of the vehicle control unit is released. 
[0007] By such a constructing, the security of the vehi- 
cle control unit is released witti respect only to a proper 
owner of the user side key unit. 

[0008] However, in ttie above-described security 55 
device for the vehicle, in spite of the fact tinat botti the 
authentication key generated by the vehicle control unit 
and the key generated by the user side key unit are gen- 



erated by being encoded using the seed, no conaete 
disclosure is made of a method of generating such a 
seed that is an object to be encoded. 
[0009] For example, if ttie seed ttiat is generated has 
a level of regularity, it is considered that the possibility 
ttiat the authentication key and the key will coincide witti 
each other becomes high even if such a seed is fully 
encoded. This becomes an obstacle to realizing a high 
level of security performance in ttie security device for 
the vehicle. 

SUMMARY OF THE INVENTION 

[001 0] An object of the present invention is to provide 
a security device for a vehicle that has a high level of 
security performance by reliably generating ttie regular- 
ity-decreased seed in a simple and convenient manner 
so that this seed can be suitably used in order to gener- 
ate a key by encoding this seed. 
[0011] Namely, ttie security device for the vehicle 
according to the present invention is so constructed as 
to generate the seed used for generating the auttienti- 
cation key (for example, the key becoming a reference 
for deciding ttie justness of a person trying to access ttie 
vehicle) and ttie key (for example, ttie key reflecting the 
information on ttie justness of ttie key) by tiiis seed 
being encoded, from ttie vehicle control data each of 
that has a value that is different each time when ttie 
vehicle control data is read-in at an appropriate timing 
during operation of the constituent elements of the vehi- 
cle. 

[0012] By such a construction, the seed is relialsly 
generated from the vehrcle control data concerning ttie 
constituent elements of ttie vehicle that during the oper- 
ation of ttie vehicle are always kept in some or other 
state of operation. 

[001 3] Furttier, since such a vehid e control data itself 
changes momentarily in correspondence with the state 
of operation of the constituent elements of the vehicle, 
the seed that is generated exhibits no regularity and has 
also a very good nature regarded as like a random 
number 

[0014] More concretely, the security device for ttie 
vehicle according to the present invention has a first unit 
tiiat generates an authentication key by encoding the 
seed in accordance with a predetermined algorithm and 
a second unit that generates a key by encoding ttie 
seed in accordance with the same algorithm as the 
above-described predetermined algorithm ttiat is used 
when the first unit generates ttie authentication key. 
[0015] Here, the seed is generated according to tiie 
vehicle control data. 

[001 6] It is to be noted that even when the vehicle is 
out of operation, it is possit>le that the seed is stored in 
each of the first unit and second unit on needs. 
[001 7] Then, when trying to operate the vehicle, com- 
parison is made between ttie key generated by tiie sec- 
ond unit held by the user and ttie authentication key 
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generated by the first unit that is loaded on the vehicle 
and, when these two keys coincides with each other, the 
security on the vehicle is released to thereby operate 
the vehide and enable the running thereof. 
[0018] Accordingly, by making collation between the s 
authentication key and key that is encoded by the use of 
the seed exhibiting a very good level of random number 
nature, a high level of security of the vehicle is exhibited. 
[0019] Further, specifically, the first unit is a vehicle 
control unit and this first unit comprises a reading por- io 
tion that reads in a vehicle control data, a seed generat- 
ing portion that generates a seed according to the 
vehicle control data read in by the reading portion, a 
transmitting portion that transmits the seed to a second 
unit, an authentication key generating portion that gen- is 
erates an authentication key by encoding the seed in 
accordance with a predetermined algorithm, a key 
receiving portion that receives a key from the second 
unit, and a correspondence deciding portion that com- 
pares the key received by the key receiving portion and 20 
the authentication key generated in the authentication 
key generating portion and, when these key coincides 
with each other, releases the security on the vehicle. 
[0020] In this way, by an integrated construction of 
from the reading portion to the correspondence decid- ss 
ing portion, it is possible to generate a seed and thereby 
determine the coincidence between the key and 
authentication key by a compact construction simple to 
use. 

[0021] Here, the second unit is a user side key unit 30 
and this second unit comprises a seed receiving portion 
that receives the seed transmitted from the transmitting 
portion of the vehicle control unit, a key generating por- 
tion that generates the key by encoding the seed 
received by the seed receiving portion in accordance ss 
with the same algorithm as the predetermined algorithm 
that is used in the authentication key generating portion 
of the vehicle control unit, and a key transmitting portion 
that transmits the key generated in the key generating 
portion to the key receiving portion of the vehicle control 40 
unit. 

[0022] In this way, through an integrated construction 
of from the receiving portion to the key transmitting por- 
tion, it is possible to generate the key by the compact 
construction simple to use and transmit it to the vehicle 4s 
control unit. 

[0023] Also, it is preferable that the reading portion of 
the vehicle control unit reads in a plurality of vehicle 
control data and the seed generating portion generates 
the seed according to the plurality of vehide control so 
data read in by the vehicle data reading portion because 
this enhances the random numt^r-Itke nature of the 
seed and as a result enhances the security level of the 
vehicle. 

[0024] Here, specifically, the seed generating portion ss 
adds up the seed generated at the time of the previous 
vehicle operation and the plurality of vehicle control data 
that is read in by the reading portion to thereby newly 



generate a seed having substantially no regularity on a 
reliable basis. 

[0025] Also, the vehicle control unit is a power train 
control unit and the vehide control data that is read Into 
the reading portion is at least one of an engine revdu- 
tions number, sucked air amount, throttle opening and 
water temperature. 

[0026] Here, the power train control unit means a con- 
trol unit that can control an engine control unit singly, or 
a transmission control unit singly, or both of the engine 
control unit and the transmission control unit syntheti- 
cally. 

[0027] According to such a construction, the security 
device for the vehicle according to the present invention 
has a simple and convenierrt construction that is integral 
with the power train control unit. Further, because the 
engine control data such as an engine revolutions 
number are the values that irregulariy change and relia- 
bly exist, these data are suitable for use In the genera- 
tion of a seed. 

[0028] Also, the vehide control unit is a power train 
control unit and the vehicle control data that is read into 
the reading portion may indude the counted time value 
of a so-called "^ree run timer" that is counted until the 
ignition switch is changed over to "ofT after this sw»ritch 
was made 'on'. Therefore, even if the ignition key has 
been operated repeatedly, the level of security becomes 
high. It is to be noted that such counted time value cor- 
responds to the "on" time duration of the ignition switch 
and therefore shall be a kind of control data of the vehi- 
de. 

[0029] Also, the vehide control unit is a power train 
control unit and the vehide control data that is read into 
the vehide data reading portion may indude an anraunt 
of fuel injection and/or ignition energy. Such engine con- 
trol output data can be suitably used as in the case of 
the engine control input data such as an engine revdu- 
b'ons number. 

[0030] Meanwhile, the security device for the vehicle 
according to the present invention is possibly con- 
structed as an immobilizer that compares the key gen- 
erated by the second unit and the authentication key 
generated by the first unit and, when these data cdn- 
ddes with each other, brings the vehicle to an operat}le 
state. 

[0031 ] Also, the security device for the vehicle accord- 
ing to the present invention is possibly constructed as a 
diagnosis device for the vehide that compares the key 
generated by the second unit and the authentication key 
generated by the first unit and. when these data cdn- 
ddes with each other, brings the vehide to a state 
where the vehide control data is readat>l6. 
[0032] Also, the security device for the vehicle accord- 
ing to the present invention is possibly constructed as a 
reprogramming tool that compares the key generated 
by the second unit and the authentication key generated 
by the first unit and, when these data coinddes with 
each other, brings the vehide to a state where the vehi- 
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cle control program is rewritable. 
[0033] Further, in other words, the security de^ce for 
the vehicle according to the present invention can be 
said as having a construction that coniphses seed gen- 
erating means that generates a seed according to the 
vehicle control data, authentication key generating 
means that generates an authentication key by encod- 
ing the seed in accordance with a predetermined algo- 
rithm, key generating means that encodes the seed in 
accordance with the same algorithm as the predeter- 
mined algorithm that is used when the first authentica- 
tion key generating means generates the authentication 
key to thereby generate a key, and correspondence 
deciding means that connpares the key and the authen- 
tication key to thereby decide whether these data are In 
coincidence with each other, whereby when the corre- 
spondence deciding means decides that the key and 
the authentication key are in coincidence with each 
other, the security that cortcerns the vehicle is released. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] 

Fig. 1 is a block diagram schematically illustrating a 
security device for vehicle according to the present 
invention; 

Fig. 2 is an illustration of a sensor and actuator of 
the security device for vehicle according to the 
present invention; 

Fig. 3 is a flow chart illustrating a calculation proc- 
ess that is executed in a vehicle control unit of the 
security device for vehicle according to the present 
invention; and. 

Fig. 4 is a flow chart illustrating a calculation proc- 
ess that is executed in a user side key unit of the 
security device for vehicle according to the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0035] An embodiment of the present invention will 
now be explained in detail while refenring to the draw- 
ings. 

[0036] Fig. 1 is a block diagram illustrating a security 
device for a vehicle according to the embodiment of the 
present invention, the block diagram showing an exam- 
ple wherein the present invention has been applied to a 
theft prevention device (immobilizer) of a vehicle. 
[0037] In Fig. 1, the security device for the vehicle 
according to this embodiment is comprised of a vehicle 
control unit 1 and a user side key unit 2. 
[0038] Specifically, in this embodiment, under the 
assumption that the vehicle control unit 1 be. by way of 
example, an engine control unit (ECU), an explanation 
will hereafter be given by taking up the ECU 1 as an 
example. 



[0039] In the ECU 1 , there is provided an engine con- 
trol processing portion 10 as shown ENG CONT 
PROCESSING BLK. To this engine control processing 
portion 10 there are inputted the control input data from 

s various sensors 3 such as a crank angle sensor, air flow 
meter, throttle sensor, and water temperature sensor of 
the engine, for example. Then, the engine control 
processing portion 10 executes its calculation process 
of the thus-inputted control input data through the oper- 

10 ation of its CPU and sends out control output data to 
various actuators 4 such as an injector and an igniter , 
tor example, of the engine that are the object to be con- 
trolled. It is to be noted that the engine control process- 
ing portion 10 is also equipped with menfx>ries (ROM, 

IS RAM) for storing therein progranre necessary for execu- 
tion of the calculation process and data regarding the 
control input and output data, for example. This 
processing portion 10 is provided as a portion of the 
ECU 1 at a place within the vehicle that is difficult to 

20 access. 

[0040] Fig. 2 is a view illustrating a more detailed con- 
struction of this embodiment that is established among 
various sensors, various actuators artd the engine con- 
trol processing portion 10. 

25 [0041 ] In Fig. 2, as the sensors for detecting the con- 
trol input data of the engine control data there are pro- 
vided a crank angle sensor 31 for detecting the number 
of revolutions of the engine, an air flow meter 32 that is 
located on the downstream side of an air deaner 33 and 

30 intended to detect the amount of sucked air for the 
engine, a throttle sensor 34 for detecting a throttle open- 
ing from the opening of a throttle valve 35, a water tem- 
perature sensor 36 for detecting the temperature of the 
cooling water for the engine, and a free run timer 37 for 

35 measuring the time duration that covers from the "on" 
operation to tiie "off operation of an ignition switch. 
[0042] Further, in Fig. 2. as ttie actuators to which 
control output data of the engine control data are out- 
putted there are provided an injector 41 for injecting a 

40 fuel to wittiin a cylinder 42 and an igniter 43 that is com- 
municated with an ignition plug 44 that is disposed 
between a suction air valve 45 and an exhaust valve 46. 
[0043] Here, explaining the control input data more 
concretely, tiie control input data from the crank angle 

45 sensor 31 is an engine revolutions nunober TREF that is 
obtained in correspondence with the period of a signal 
that is generated for each predetermined reference 
crank angle, tiie control input data from the air flow 
meter 32 is the amount of sucked air AFM. ttie control 

60 input data from the ttirottie sensor 34 is a throttle open- 
ing TVO. ttie control input data from the water tempera- 
ture sensor 36 is a water tenperature TW, and ttie 
control input data from the free run timer 37 is a counted 
time value TIQNSW (ON OFF) that covers from ttie 

55 "on" operation to the "ofT operation of the ignition 
switch. 

[0044] Further, the control output data witti respect to 
the injector 41 is a fuel injection pulse widtti TP that cor- 
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responds to the amount of fuel injection while, on the 
other hand, the control output data with respect to the 
igniter 43 is an Ignition pulse width DWELL that corre- 
sponds to the ignition energy. 
[0045] It is to be noted that each of the control input 
and output data in this embodiment is a 1 6-bit data. 
[0046] Meanwhile, referring again to Fig. 1 , the ECU 1 
of this embodiment Is further equipped with a lock-out 
processing portion 11 as shown LOCK OLTT 
PROCESSING BLK that decides whether the ECU 1 is 
locked out ar»d executes a lock-out operation, a reading 
portion 12 of the engine control data as shown READ- 
ING BLK to which the control input data and the control 
output data. i.e. engine control data is inputted and 
which reads the engine control data in, a seed generat- 
ing portion 13 as shown SEED GENERATING BLK that 
generates the seed SEED according to the engine con- 
trol data that is thus read in. a transmitting portion 14 as 
shown XMTG BLK that sends out the thus-generated 
seed SEED to the outside, an authentication key gener- 
ating portion 15 as shown AUTC KEY GENERATING 
BLK that encodes the thus-generated seed SEED in 
accordance with a predetermined encoding algorithm to 
thereby generate an authentication key KEYCHK, a 
receiving portion 16 as shown RECEIVING BLK that 
receives the key KEY inputted from the outside and in 
addition decides that this key is received, a conrespond- 
ence deciding portion 17 as shown CORRESPOND- 
ENCE DECIDING BLK that compares the thus- 
generated authentication key KEYCHK and the 
received key KEY to thereby decide whether these data 
are in coincidence with each other and a security 
release instructing portion 18 as shown SECURITY 
BEL INSTRUCTING BLK that when it is decided in the 
correspondence deciding portion 17 that the authenti- 
cation key KEYCHK and the key KEY are in coincidence 
with each other instructs the release of the security by 
the ECU 1. 

[0047] Here, the lock-out processing portion 1 1 is pro- 
vided with a memory (EEPROM) that stores therein a 
flag that indicates a state of lock-out of the vehicle, the 
seed generating portion 13 is provided with a memory 
(EEPROM) that stores therein the seed that is gener- 
ated thereby, and the authentication key generating por- 
tion 15 is provided with a memory (RAM) that stores 
therein the authentication key that is generated thereby 
Of course, if holding the authentication key during the 
unoperated state of the vehicle is required, an EEPROM 
as a memory is possibly provided singly or in a form 
combined with the RAM for storing the generated 
authentication key. 

[0048] Additionally in the ECU 1 of this embodiment, 
the portions covering from the engine control process- 
ing portion 10 to the security release instructing portion 
18 are loaded on an electric board that is within a rigid 
casing installed wHhin the vehicle. Of course, more pref- 
erably, these portions can be integrated with each other 
and can be constructed as a functional element of one 



chip. 

[0049] On the other hand, the user side key unit 2 can 
transmit and receive a signal appropriately between the 
ECU 1 constituting the vehicle control unit in this 
5 embodiment and this user side key unit 2. Namely, the 
user side key unit 2 serves as a so-called tranponder 
with respect to the vehicle control unit 1 and, when the 
user has the intention of using the vehicle, is carried 
with this user integrally with the key or separately there- 
to from. 

[0050] More specifically, the user side key unit 2 com- 
prises a receiving portion 21 as shown RECEIVING 
BLK that receives the seed SEED transmitted from the 
transmitting portion 14 of the ECU 1 and thereby 

IS decides the reception of this seed, a key generating por- 
tion 22 as shown KEY GENERATING BLK that encodes 
the received seed SEED by the use of an encoding 
algorithm as same as the encoding algorithm that is 
used when the authentication key generating portion 14 

20 of the ECU 1 generates key KEY and a transmitting por- 
tion 23 as shown XMTG BLK that transmits the thus- 
generated key KEY to the Vecaving portion 15 of the 
ECU1. 

[0051 ] Here, the key generating portion 22 is provided 
25 with a memory (RAM) for storing therein the generated 
key 

[0052] Further, by combining the above<iescribed 
ECU 1 constituting the vehide control unit and the 
above-described user skle key unit 2, it becomes possi- 

30 ble to release the security of the ECU 1 with respect 
only to an authorized user such as an owner of the vehi- 
cle. More specifically, the security device for vehicle 
according to this embodiment functions as a vehicle 
theft prevention device (immobilizer) that enables such 

35 an authorized user only to operate the vehicle, namely 
enables permitting the use of the vehicle. 
[0053] It is to be noted that in the user side key unit 2 
according to this embodiment the portions covering 
from the receiving portion 21 to the transmitting portion 

40 23 are integrated as a one-chip functional element. 
[0054] The contents of the respective calculation proc- 
esses executed in the ECU 1 and user side key unit 2 
according to this embodiment will hereafter be 
explained in detail further with reference to Figs. 3 and 

45 4. 

[0055] In Fig. 3 that illustrates a flow chart of the cal- 
culation process for security control of the ECU 1 
according to this embodiment, first, such security proc- 
ess starts at the point in time when the ignition switch 

50 key has been changed over from "off" to "on". 

[0056] Upon start of the security process, in step SI . 
the lock-out processing portion 1 1 decides whether the 
vehicle is being locked out. Specifically, that the vehicle 
is being locked out is referred to as a state where the 

55 lock-out flag in the memory (EEPROM) of the lock-out 
processing portion 11 is being "1" in con-espondence 
with the attempt of a past improper security release for 
the vehicle. 
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[00S7] When it is decided in step SI that the vehicle is 
not being locked out, the processing proceeds to step 
S2. 

[0058] Next in step S2, the reading portion 12 of the 
ECU 1 sequentialty reads thereinto various data consti- 
tuting the engine control data that is the vehicle control 
data according to this emtxxiiment, concretely, various 
data including the engine revolutions number TREF 
from the crank angle sensor 31 of the engine, the 
amount of sucked air AFM from the air flow meter 32, 
the throttle opening TVO from the throttle sensor 34, the 
water temperature TW from the water temperature sen- 
sor 36, and the counted time value TIGNSW (ON 
OFF) covering from the "on** operation to the "ofT oper- 
ation of the ignition switch that is supplied from the free 
run timer 37, all of which are the control input data to the 
engine control processing calculation portion 10. Fur- 
ther, the reading portion 12 of the ECU 1 also reads 
thereinto the calculation data of the amount of fuel injec- 
tion TP with respect to the injector 41 and ignition pulse 
width DWELL with respect to the igniter 43, both of 
which are the control output data from the engine con- 
trol processing calculation portion 10. 
[0059] Here, the timing with that such read-in opera- 
tion is executed, regarding the control input data, is the 
point in time at that various control input data that have 
been measured by the respective sensors after the igni- 
tion switch has become "on" are read into the engine 
control processing portion 10. On the other hand, 
regarding the control output data, such timing is the 
point in time at that there is terminated the calculation 
for the control output data that is executed by the engine 
control processing portion 10 according to these control 
input data. 

[0060] It is to be noted that, among the control input 
data, as the data TREF, AFM, TVO and TW there are 
used the most recent measured data and, as the data 
TIGNSW (ON OFF) there are used the measured 
data that have been measured correspondingly to a 
case where the ignition switch had been made "on" and 
was made "ofT at the previous time (at a time that pre- 
cedes once), namely, the stored values. Further, as the 
respective control output data there are used the data 
TP and DWELL that are the most recent calculated val- 
ues. 

[0061] On the other hand, when it has been decided 
in step SI that the vehicle is being locked out, the 
processings in step S2 and its thereafter succeeding 
steps are not executed, whereby the security process in 
the ECU 1 is terminated with the vehicle being locked 
out as is. 

[0062] Next, if the readtng-in processing in step S2 
has been terminated, the seed generating portion 1 3 of 
the ECU 1 adds to the previously generated seed (pre- 
vious SEED) the data TREF, AFM. TVO, TW. TIGNSW 
(ON OFF). TP. and DWELL that are the read-in data 
constituting the engine control data and thereby gener- 
ates a data SEED. 



[0063] That is to say, concretely, the data SEED is 
obtained according to the following calculation expres- 
sion. Here, the reason why the data TIGNSW (ON -> 
OFF) is added is because in a case where the ignition 

5 switch was repeatedly made "on" and "off, it results that 
the data TIGNSW (ON -> OFF) . which are different in 
correspondence with the respective on/off times, are 
used and therefore a different data SEED is generated 
accompanied with the result that the security perform- 

10 ance is enhanced by reflecting such a difference of the 
data SEED. 

"SEED = -previous SEED" + "TREP + "AFM" + 
TVO" + TW" + TIGNSW (ON OFF)" + TP" + 
"DWELL" 

IS [0064] Then, the thus-generated data SEED Is stored 
in the memory (EEPROM) within the seed generating 
portion 13. 

[0065] It is to be noted that the previous SEED in step 
S3 is the data SEED that has been generated through 

20 the execution of the previous security process and, as 
an initial value thereof, there is used a data OOOOH. 
[0066] Next, the data SEED that has been generated 
in step S3 is transmitted from the transmitting portion 1 4 
of the ECU 1 to the receiving portion 21 of the user side 

25 key unit 2 in step S4. 

[0067] Next, in step S5, the authentication key gener- 
ating portion 15 encodes the data SEED generated in 
step S3 by the use of the encoding algorithm to thereby 
generate the authentication key KEYCHK. As the 

so encoding algorithm in this embodiment there has been 
adopted the encoding algorithm established by DES 
(Data Encryption Standard : the edition made by the 
United States Commercial Affairs Ministry Standard 
Bureau in 1997). 

35 [0068] That is to say, concretely, the authentication 
key KEYCHK is generated in accordance with the fol- 
lowing calculation expression. It is to be noted that the 
parentheses C ( ) in the expression represents the 
encoding algoritiim according to the DES. 

40 "KEYCHK" = "C (SEED)" 

[0069] Then, the thus-generated key KEYCHK is 
stored in the memory (RAM) within the authentication 
key generating portion 14. 

[0070] Next, in step S6, it is decided whether the 
45 receiving portion 1 6 has received the key KEY sent from 
the user side key unit 2. 

[0071] When it has been decided in step S6 that the 
key KEY is received, the processing proceeds to the 
next step S7 and, when it has been decided that such a 
50 key is not received, the processing is returned to imme- 
diately before the step S6, whereby such processing is 
repeated until it is decided that the key KEY has been 
received. 

[0072] Next in step S7, the correspondence deciding 
55 portion 17 compares the key KEY received from the 
user side key unit 2 and the authentication key KEYCHK 
generated in step S5 to thereby deckle whether the both 
data are in coincidence with each other. 
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[0073] Here, if the user side key unit 2 is the one that 
is owned by a proper user, the key KEY of course coin- 
cides with the authentication key KEYCHK. 
[0074] On the other hand, if the user side key unit 2 is 
the one owned by an improper user, for example, the s 
key unit owned by a person who copied the key KEY in 
the memory of the key generating portion 22 of the user 
side key unit 2 prior to the execution of the present 
improper use, although the key KEY transmitted on from 
this key unit coincides with the authentication key gen- io 
erated in the past, such a key KEY does not coincide 
with the authentication data KEYCHK generated newly 
this time in step S5 because of the inegularity nature of 
the data SEED. 

[0075] It is noted that, in such a case, the precision of is 
the decision on an improper user can be enhanced by 
incidentally confirming that the key, which is an object to 
undergo the correspondence decision, coincides with 
the authentication key generated in the past, for exam- 
ple, stored in the memory of the authentication key gen- 20 
erating portion 15. 

[0076] Then, when it has been decided in step S7 that 
coinckJence is established between these two data, that 
is "KEY" = 'KEYCHK", the processing proceeds to step 
S8. When it has been deckied that no coincidence is 2s 
established therebetween, that is "KEY" ^ "KEYCHK*, 
the processing proceeds to step S9. 
[0077] When it has been decided in step S7 that the 
key KEY and the authentication key KEYCHK are in 
coinckJence with each other, the security release 30 
instructing portion 18 in step S8 serds out a security 
release instruction to the engine control processing por- 
tion 1 0 to thereby release the security of the ECU 1 con- 
stituting the vehicle control unit 

[0078] Concretely, the fuel cut flag in the memory 3s 
(RAM) within the engine control processing portion 10 is 
changed from "1 " to "0", thereby bringing the injector 41 
to an operable state. 

[0079] Accordingly, it results that the vehicle theft pre- 
vention device (immobilizer) of the embodiment has 40 
released the security of the vehicle, whereby the vehicle 
becomes usable. 

[0080] Further, after the security of the vehicle has 
been released in step Sd, the calculation process for the 
security control in the ECU 1 is terminated. 45 
[0081] On the other hand, when it has been deckied 
in step S7 that no coinckJence is established between 
the key KEY and the authentication key KEYCHK, the 
processing proceeds to step S9 in that the lock-out 
processing portion 1 1 executes the lock-out of the vehi- so 
de in order to ensure the security and makes the lock- 
out flag "1" in the memory (EEPROM) of the lock-out 
processing portion 11. 

[0082] Further, in such a case, after such lock-out 
operation has been executed in step S9, the calculation 55 
process for security control in the ECU 1 is terminated. 
[0083] Fig. 4 illustrates a fbw chart of the calculation 
process executed in the user skle key unit 2 according 



to this embodiment. 

[0084] In Fig. 4, the calculation process in the user 
side key unit 2 is also so set as to be autonrtatically 
started at the point in time at that the ignition switch has 
been changed over from "off" to "on". Of course, this 
calculation process may be so set as to be started man- 
ually by the user. 

[0085] Upon start of the calculation process in the 
user skie key unit 2. first it is decided in step S11 
whether the receiving portion 21 of the user side key 
unit 2 has received the seed SEED sent from the trans- 
mitting portion 1 3 of the ECU 1 . 
[0086] When it has been dedded in step Si 1 that the 
seed SEED is received, the processing proceeds to the 
next step S12. On the other hand, when it has not been 
decided that the seed SEED is received, such process 
is repeatedly executed until it is determined that the 
seed SEED has been received. 
[0087] Next, in step SI 2, the key generating portion 

22 encodes the data SEED received in step 81 1 by the 
use of the encoding algorithm the same as the encoding 
algorithm used by the authentication key generating 
portion 15 of the ECU 1 with respect to the data SEED 
that is an object to be encoded thereby, and thus gener- 
ates a key KEY 

[0088] That is to say. concretely, this key is obtained in 
accordance with the following calculation expression. It 
is to be noted that the C ( ) in the expression represents 
the encoding algorithm established by the DES that was 
used in the authentication key generating portion 15. 

"KET = "C (SEED)- 
[0089] Here, the generated key KEY is stored into the 
memory (RAM) of the key generating portion 22. 
[0090] Then, next, in step SI 3, the key KEY generated 
in step SI 2 is transmitted from the transmitting portion 

23 to the receiving portion 1 6 of the ECU 1 , whereby the 
calculation process in the user skJe key unit 2 is termi- 
nated. 

[0091] It is to be noted that, in this embodiment, 
regarding the vehicle control unit 1 , although an expla- 
nation has been made about the power train control unit 
constituting such a vehicle control unit 1 especially by 
taking up the ECU independently as an example, the 
present invention can be also applied to a control unit 
for an anti lock brake system (ABS CU), a control unit for 
an automatic transmission (AT CU), a control unit for a 
4-wheeIs steering system (4WS CU), a control unit for a 
4-wheels driving system (4WD CU), and the like. 
[0092] Although, in this embodiment, illustration has 
been made of an example wherein the portions cover- 
ing from the lock-out processing portion 11 to ttie secu- 
rity release instructing portion 18 are constructed 
integrally with regard to the vehicle control unit 1. all of 
such portions may of course be constructed separately 
from the engine control processing portion 10 or some 
of the lock-out processing portion 11 to the security 
release instructing portion 18 may be constructed sepa- 
rately from the engine control processing portion 10 if 
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necessary. Of course, the constituent elements of from 
the lock-out processing portion 11 to the security 
release instructing portion 18 nnay be constructed sepa- 
rately from each other. 

[0093] Also, although in this embodiment as the data 5 
used when generating the data SEED there have been 
used the particular engine control data such as an 
engine revolutions nunt^er, it is also possible to use 
another engine control data necessary for control of the 
engine and exhibiting no fixed values and irregularly io 
change, but reliably readable. Of course, it is further 
possible to use vehicle control data other than such 
engine control data having a similar nature such as 
those concerned with a brake, steering, suspension, 
and driving system. is 
[0094] Also, although in this enrixxiiment all of the 
data such as an engine revolutions number are added 
up when adding up the control data for the purpose of 
generating the data SEED, it is possibly sufficient only if 
adopting at least one of data. Even in such a case, in 20 
principle, it is possible to generate a data SEED 
regarded as like a random number. However, if such 
one data has a fixed value for backup, since the nature 
as a random number of the generated SEED is 
decreased, it is necessary to take some other factors 25 
into consideration. 

[0095] Further, in this embodiment, no inconvenience 
of course arises even if a construction is made of decid- 
ing that the vehicle is being locked out in the case where 
lock-out occurred plurally in the past, by considering ao 
that the lock-out flag becomes "1" due to some error fac- 
tor when deciding whether the vehicle is being kx^ked 
out by the ECU1. 

[0096] Further, although in this embodiment the limi- 
tation condition of fuel system of stopping the fuel cut as 
has been released as an example in order to release 
the security of the vehicle, the other limitation conditions 
of the fuel system may also be released or it is also pos- 
sible to make setting so as to release the limitation con- 
ditions concerning an electrk; system such as a starter 40 
motor or ignition. 

[0097] Further, although in this embodiment the por- 
tions covering from the receiving portion 21 to the trans- 
mitting portion 23 in the user side key unit 2 have been 
explained as an example having been constructed inte- 45 
grally as a one-ch^ element, these portions may of 
course be constructed separately from each other if 
necessary 

[0098] Further, although in this embodiment explana- 
tion has been made of an example wherein the security so 
device for vehicle according to the present invention is 
applied to a vehicle theft prevention device (imniobi- 
lizer). such security device can be applied also to a 
diagnosis device for a vehicle, a reprogramming tool for 
a vehicle control microcomputer of a vehicle or the like, ss 
[0099] For exanple. in a case where applying the 
security device for vehicle according to the present 
invention to a diagnosis device for a vehicle, setting 



therefor is so performed as to release the security of the 
vehicle control unit with respect only to an authorized 
user such as a dealer of the vehicle, thereby making it 
possible to read in the vehicle control data constituting 
secret data and thereby permitting the read-in of such 
vehicle control data. Also, in a case where applying the 
security device for vehicle according to the present 
invention to a reprogramming tool for a vehicle control 
microcomputer of a vehkile, setting is so performed as 
to release the security of the vehicle control unit with 
respect only to an authorized user such as a dealer of 
the vehicle, thereby making it possible to rewrite the 
vehicle control program and thereby permitting rewrite 
of such vehicle control program. 

Claims 

1. A security device for vehicle comprising: 

a first unit encoding a seed to generate an 
authentication key in acoordarKe with a prede- 
termined algorithm; and 
a second unit encoding sakJ seed to generate a 
key in accordance with the same algorithm as 
said predetermined algorithm used when saki 
first unit generates said authentication key, 
wherein said seed is generated according to 
vehicle control data, comparison is made 
between said key generated by sakl second 
unit and said authentication key generated by 
said first unit, and security concerning said 
vehicle is released when sakJ key and said 
authentication key coinckje with each other. 

2. A security device for vehicle according to claim 1, 
wherein said first unit is a vehicle control unit and 
said vehicle control unit includes a reading portion 
reading in said vehicle control data, a seed generat- 
ing portion generating said seed according to said 
vehicle control data read into said reading portion, 
a transmitting portion transmitting said seed to said 
second unit, an autherrtication key generating por- 
tion encoding said seed in accordance with said 
predetermined algorithm to ther^y generate said 
authentication key, a key receiving portion receiving 
said key from said second unit, and a correspond- 
ence deciding portion comparing said key received 
by sakl key receiving portion and said authentica- 
tion key generated by said authentication key gen- 
erating portion and releasing said security 
concerning said vehicle when said key and said 
authentication key coincide with each other. 

and wherein sakj second unit is a user side key unit 
and sakJ user side key unit includes a seed receiv- 
ing portion receiving said seed transmitted from 
sakJ transmitting portion of said vehicle control unit, 
a key generating portion encoding said seed 
received by said seed receiving portion in accord- 
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ance with the same algorithm as said predeter- 
mined algorithm used in said authentication key 
generating portion of said vehicle control unit to 
thereby generate said key, and a key transmitting 
portion transmitting said key generated in said key 
generating portion to said key receiving portion of 
said vehicle control unit. 

3. A security device for vehicle according to daim 2, 
wherein said reading portion reads in a plurality of 
vehicle control data and said seed generating por- 
tion generates said seed according to sakf plurality 
of vehicle control data read into said reading por- 
tion. 

4. A security de^ce for vehicle according to claim 3. 
wherein said seed generating portion adds up the 
once previously generated seed and said plurality 
of vehicle control data read into said reading por- 
tion to thereby generate sakl seed. 

5. A security device for vehicle according to claim 2, 
wherein said vehicle control unit is a power train 
control unit and said vehicle control data read into 
said reading portion are at least one of an engine 
re^lutions number, an amount of sucked air, a 
throttle opening and a water temperature. 

6. A security device lor vehicle according to daim 2, 
wherein said vehide control unit is a power train 
control unit and said vehicle control data read into 
said reading portion includes a counted time value 
obtained until an ignition switch is changed over to 
"off after having been made "on". 

7. A security device for vehicle according to daim 2. 
wherein said vehide control unit is a power train 
control unit and said vehicle control data read into 
saki reading portion indudes an amount of fuel 
injection and/or ignition energy. 

8. A security device for vehicle according to daim 1, 
wherein comparison is made between said key 
generated by said second unit and said authentica- 
tion key generated by said first unit and. when said 
key and said authentication key coincide with each 
other, said vehide is brought to a usable state. 

9. A security device for vehicle according to daim 1 , 
wherein comparison is made between said key 
generated by saki second unit and said authentica- 
tion key generated by said first unit arid, when said 
key and said authentication key coinckle with each 
other, said vehicle control data is brought to a read- 
able state. 

10. A security device for vehicle according to daim 1. 
wherein comparison is made between said key 



generated by sakJ second unit and said authentica- 
tion key generated by said first unit and. when saki 
key and said authentication key coindde with each 
other, a vehide control program is brought to rewri- 
5 table state. 

11. A security device for vehide conrY)rising: 

seed generating means for generating a seed 
10 according to vehicle control data; 

authentication key generating means for gener- 
ating and authentication key by encoding said 
seed in accordance with a predetermined algo- 
rithm; 

IS key generating means for encoding said seed 

to generate a key in accordance with the same 
algorithm as said predetermined algorithm 
used when sakl first authentication key gener- 
ating means generates said authentication key; 

20 and 

correspondence dedding means for comparing 
said key and sakJ authentication key and dedd- 
ing whether said key and said authentication 
key are in coinddence with each other, 

25 wherein when said oorresporxJence deciding 

means decides that saki key and said authenti- 
cation key coinckfe with each other, security 
conceming said vehide is released. 
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